The thermodynamic properties of the superconducting state in Sulphur under the pressure at 160 GPa were determined. It has been shown that: (i) the critical value of the Coulomb pseudopotential is equal to 0.127; (ii) the critical temperature (TC = 17 K) should be calculated by using the modified Allen-Dynes formula; (iii) the effective electron-electron interaction is attractive in the range of frequencies from zero to the frequency slightly lesser than the maximum phonon frequency (∼ 0.85Ωmax); (iv) the dimensionless ratios 2∆ (0) /kBTC , ∆C (TC) /C N (TC) and TCC N (TC) /H 2 C (0) are equal to 3.7, 1.65 and 0.16 respectively; (v) the ratio of the effective to bare electron mass reaches maximum of 1.77 for T = TC .
I. INTRODUCTION
At ambient pressure (p) Sulphur (S) is the insulator. Under compression S undergoes the sequence of structural phase transitions and metallizes [1] . At 93 GPa, Sulphur is the superconductor with T C = 10.1 K [2] . The critical temperature increases linearly with the pressure up to 157 GPa; the rate of dT C /dp is equal to 0.055 K/GPa and [T C ] p=157GPa = 14 K. Near 160 GPa, when S transforms to the β-Po-type phase, the critical temperature increases rapidly from 14 K to 17 K. We note that T C = 17 K is among the highest critical temperatures observed in the elemental solids (the maximum value of T C , which is equal to 25 K, has Calcium under the pressure at 161 GPa [3] ).
In the paper we have studied the thermodynamic properties of the superconducting state in S for p = 160 GPa. The numerical calculations have been conducted in the framework of the Eliashberg formalism [4] .
II. THE ELIASHBERG EQUATIONS
The Eliashberg set in the mixed representation takes the form: 
where: The symbols φ (ω) and φ m ≡ φ (iω m ) denote the order parameter functions on the real and imaginary axis respectively; Z (ω) and Z m ≡ Z (iω m ) are the wave function renormalization factors; m-th Matsubara frequency is given by:
and k B is the Boltzmann constant. In the framework of the Eliashberg formalism, the order parameter is defined as: ∆ ≡ φ/Z. The electron-phonon pairing kernel has the form:
, where the Eliashberg function for Sulphur under the pressure at 160 GPa (α 2 F (Ω)) has been calculated in the paper [5] ; the maximum phonon frequency (Ω max ) is equal to 86.7 meV. The function µ * (ω m ) ≡ µ * θ (ω c − |ω m |) describes the electron depairing interaction; θ denotes the Heaviside unit function and ω c is the cut-off frequency (ω c = 3Ω max ). The critical value of the Coulomb pseudopotential (µ * C ) should be calculated by using the condition: ∆ m=1 (µ * ) = 0 for T = T C . The following result has been obtained: µ * C = 0.127. The symbols N (ω) and f (ω) denote the statistical functions of bosons and fermions respectively.
The Eliashberg equations have been solved for 2201 Matsubara frequencies (M = 1100) by using the numerical method presented in the paper [6] . In the considered case the functions φ and Z are stable for T ≥ 4 K.
III. RESULTS
The classical Allen-Dynes or McMillan formula cannot be used in the case of Sulphur (see Fig. 1 ) [7] , [8] . For this reason, we have obtained modified Allen-Dynes ex- pression on the basis of 330 exact values of T C (µ * ). In particular:
where f 1 is the strong-coupling correction function (
) and f 2 denotes the shape correction func-
). The symbol ω 2 denotes the second moment of the normalized weight function, ω ln is the logarithmic phonon frequency and λ is called the electron-phonon coupling constant. For Sulphur the pa- Fig. 3 (A) . With the help of the simple calculation one can obtain: ∆ (T = 4K) = 2.71 meV. Then, the value of the ratio R 1 ≡
2∆(0)
kB TC is equal to 3.7. We notice, that in the framework of the BCS model, the parameter R 1 takes the lower value: [R 1 ] BCS = 3.53 [9] .
On the basis of Figs this indicates, that the form of order parameter on the real axis clearly reflects the form of the electron-phonon interaction in Sulphur. Additionally, in Fig. 4 we have plotted the order parameter on the complex plane for the selected temperatures; the frequencies from 0 to ω c have been taken into consideration. We have found that the values of ∆ (ω) form the distorted spiral with the radius that decreases together with the temperature growth. One can also see, that the effective electron-electron interaction is attractive (Re[∆ (ω)] > 0) in the range of the frequencies from zero to ∼ 0.85Ω max .
The free energy difference between the superconducting and normal state (∆F ) can be calculated on the basis of the formula [4] :
where ρ (0) denotes the value of the electronic density of states at the Fermi energy. The symbols Z With the help of ∆F the specific heat in the superconducting (C S ) and normal (C N ) state, as well as, the thermodynamic critical field (H C ) have been determined [4] . In Fig. 5 (A)-(B) we have presented the dependence of the specific heats and the thermodynamic critical field on the temperature. On the basis of determined thermodynamic functions the values of the ratios 
IV. SUMMARY
The high-pressure superconducting state in Sulphur have been analyzed in the framework of the Eliashberg approach. It has been stated that the exact values of the thermodynamic parameters cannot be calculated by using of the simple BCS model.
